u c h a s s t r e t c h f o r m i n g , c r e e p f o r m i n g , e t c e t e r a .
S h o t p e e n f o r m i n g was s e l e c t e d by t h e McDonnell Douglas C o r p o r a t i o n a s t h e o n l y v i a b l e method o f c o n t o u r i n g wing s k i n p l a n k s f o r t h e DClO a i r l i n e r .
The p a r a m e t e r s t o form t h e s k i n p l a n k s were d e v e l o p e d by M e t a l Improvement Company I n c .
An o v e r v i e w o f t h e s h o t p e e n formi n g o p e r a t i o n s i s p r e s e n t e d c o v e r i n g t h e t e c hn i c a l and t o o l i n g r e q u i r e m e n t s and documentat i o n .
R e f e r e n c e i s made t o t h e s u b t l e a n g u l a r a n d / o r d i m e n s i o n a l c h a n g e s which c a n o c c u r d u r i n g f o r m i n g o f complex c o n t o u r s o n l a r g e s k i n p l a n k s .
The s i g n i f i c a n t e n g i n e e r i n g and r .~a n u f a c t u r i n g a d v a n t a g e s o f t h e p r o c e s s l e d t o i n c o r p o r a t i o n o f t h e t e c h n o l o g y i n t h e d e s i g n o f t h e new DC9 S u p e r 80.
T h e s e c r i t e r i a a r e e x p e c t e d t o b e e q u a l l y a p p l i c a b l e o n t h e n e x t g e n e r a t i o n commercial a i r c r a f t .
THE McDONNELL DOUGLAS CORPORATION (MDC) s e l e c t e d s h o t peen f o r m i n g a s t h e method o f s h a p i n g t h e
wing s k i n p l a n k s f o r t h e DClO T r i -j e t a i r l i n e r i n e a r l y 1969. S h o t p e e n f o r m i n g was c h o s e n a s t h e o n l y v i a b l e method i n a n a n a l y s i s o f a l l a l t e r n a t i v e methods, s u c h a s s t r e t c h f o r m i n g , c r e e p f o r m i n g , e t c e t e r a . i t s p l a n t s i t u a t e d a d j a c e n t t o t h e T o r o n t o I n t e r n a t i o n a l A i r p o r t i n S o u t h e r n O n t a r i o , was a l r e a d y m a n u f a c t u r i n g m a j o r s t r u c t u r a l components f o r t h e DC8 and DC9 a i r c r a f t i n c l u d i n g t h e c o m p l e t e wing f o r t h e DC9, and was s e l e c t e d t o m a n u f a c t u r e t h e main wing components f o r t h e DC10. The M e t a l Improvement Company, w i t h c o n s i d e r a b l e e x p e r t i s e i n p e e n f o r m i n g , was s e le c t e d t o d e v e l o p t h e p a r a m e t e r s f o r p e e n f o r m i n g t h e DClO wing s k i n p l a n k s .
I n o r d e r t o a p p r e c i a t e t h e background b e h i n d t h e d e c i s i o n , t h e methods b e i n g u s e d a t t h a t t i m
M e t a l Improvement Company (MIC) a c c o m p l i s h e d t h i s t a s k and formed s k i n s f o r t h e e a r l y p r o d u c t i o n a i r c r a f t a t t h e i r C a r l s t a d t , New J e r s e y , p l a n t , s u b s e q u e n t l y s e tt i n g up a Canadian f a c i l i t y i n S o u t h e r n O n t a r i o , M e t a l Improvement Canada Ltd. (MICAN) .
The c o n t i n u i n g s u c c e s s w i t h t h e DClO p r o d u c t i o n s y s t e m and a n e x c e l l e n t i n -s e r v i c e r e c o r d , l e d t o t h e d e c i s i o n i n 1979 t o i n c o r p o ra t e DClO wing s k i n t e c h n o l o g y i n t o t h e d e s i g n o f t h e new DC9 S u p e r 80 wing. Again t h e peen f o r m i n g p r o d u c t i o n program h a s been a n u n q u a l if i e d s u c c e s s .
To d a t e some 5500 DClO and 1050 DC9 S u p e r 8 0 w i n g s k i n s have been p r o d u c e d .
PREVIOUS FORMING iWTHOD
E s s e n t i a l l y t h e method u s e d t o form t h e wing s k i n p l a n k s o n DC8 and DC9 S e r i e s 10 t h r u 50 models was s i m i l a r , and i s s t i l l i n u s e a t MDCAN f o r n o t e d DC9 models. The DC9 wing u t i l i z e s e i g h t s k i n p l a n k s , two on e a c h u p p e r s u r f a c e , two o n e a c h l o w e r s u r f a c e w i t h a c h o r d w i s e j o i n t on t h e c e n t r e l i n e o f t h e a i r c r a f t , s e e F i g u r e 1; a l s o n o t e d a r e s k i n p l a n k m a t e r i a l a p p r o x i m a t e t h i c k n e s s e s .
The s k i n s a r e machine t a p e r e d i n a s p a n w i s e s e n s e o n l y and s u p p The wing h a s a m a j o r d i h e d r a l / s w e e p b r e a k p o s i t i o n e d a t t h e s i d e o f t h e f u s e l a g e and two minor aerodynamic s h a p e b r e a k s c n t h e o u t e r wing p a n e l s , a s w e l l a s t h e n o r m a l a e r o d y n a m i c c h o r d form s h a p e . The i n d i v i d u a l s k i n s p l a n k s a r e s h a p e d by m e c h a n i c a l l y s t r e t c h f o r m i n g i n a c h o r d w i s e d i re c t i o n a c r o s s t h e d i h e d r a l / s w e e p b r e a k o n l y , i nd u c i n g a n g u l a r b r e a k s and l o c a l c h o r d form s h a p e s , s e e F i g u r e 2. T h i s i s a c c o m p l i s h e d by g r i p p i n g t h e s k i n i n t r i m a r e a s o n e a c h s i d e and i n d u c i n g s k i n s t r e t c h a c r o s s a m a l e d i e i n a 4000 t o n Verson p r e s s , a n e l o n g a t i o n o f 0.3% i s n o r m a l l y a c h i e v e d t o e n s u r e some m e a s u r e o f s t r e t c h s t r e s s r e l i e f . The d i s a d v a n t a g e s o f t h i s f o r m i n g method a r e : 0 one s h o t a t t e m p t -t h e formed s h a p e may c h a n g e a s t h e t r i m m a t e r i a l i s removed a f t e r t h e f o r m i n g o p e r a t i o n , 0 o i l c a n n i n g / l o c a l d i s t o r t i o n o c c u r s i n t h e s k i n a r e a where t h e s t r e t c h e d m a t e ri a l and b a s e m a t e r i a l b l e n d , 0 0 I t c a n m e c h a n i c a l means a r e r e q u i r e d d u r i n g a ssembly o p e r a t i o n s t o i n d u c e t h e chord/aer o b r e a k form o v e r t h e r e m a i n i n g s k i n a r e a , and 7075 a l l o y s k i n s r e q u i r e t o b e s h i p p e d t o b1DCAN pldnt p a c k e d i n d r y i c e , a r e formed q u i c k l y o u t o f t h e d r y i c e c o n d i t i o n and s u b s e q u e n t l y h e a t t r e a t e d t o t h e T6 c o n d i t i o n . b e a p p r e c i a t e d t h a t a l t h o u g h t h i s f o r m i n g t e c h n o l o g y h a s b e e n u t i l i z e d f o r o v e r two d e c a d e s i t d o e s l e a v e room f o r t e c h n i c a l and manufactu r i n g improvement.
DClO APPLICATION
The aerodynamic s h a p e o f t h e DClO wing e v o l v e d w i t h a u n i q u e a e r o d y n a m i c b r e a k where t h e r e a r s p a r h a s a ' g u l l -w i n g ' s h a p e and t h e f r o n t s p a r i s e s s e n t i a l l y s t r a i g h t , s e e F i g u r e 3. I n a d d i t i o n t h e t e c h n o l o g y o f 5 -a x i s n u n i e r i c a l l y c o n t r o l l e d m a c h i n i n g and l a r g e machine c a p a c i t y was a v a i l a b l e t o p e r m i t t h e d e s i g n e n g i n e e r t o p r o f i l e t h e s k i n t o meet optimum d e s i g n t h i c k n e s s r e q u i r e m e n t s and a c h i e v e minimum w e i g h t .
The s k i n s a r e t a p e r e d i n b o t h s p a n w i s e and chordw i s e d i r e c t i o n s w i t h i n t e g r a l l y machined d o u b le r s .
The s k i n s , made from 7075 T651 a l l o y on t h e u p p e r wing s u r f a c e and 2024 T351 a l l o y on t h e l o w e r s u r f a c e , a r e p r o d u c e d f u l l y machined by R e y n o l d s M e t a l Company (REYNOLDS).
DC 10 WlNG AERODYNAMIC SHAPE FIGURE 3
The DClO wing i s m a n u f a c t u r e d w i t h t h e wing s k i n s j o i n t e d a t t h e f u s e l a g e s i d e and t h e o u t e r wing t o r q u e box c o n t a i n s t h r e e wing s k i n p l a n k s on t h e u p p e r s u r f a c e and f o u r wing s k i n p l a n k s on t h e l o w e r s u r f a c e , s e e F i s u r e 4.
The u p p e r s k i n p l a n k s a r e s h o t p e e n formed f o r f u l l s p a n c h o r d form and t h e "hog-back" aerodynamic b r e a k s h a p e of v a r i e d s e v e r i t y .
The l o w e r s k i n p l a n k s a r e s h o t p e e n formed f o r f u l l s p a n c h o r d form and t h e ' s a d d l e -b a c k ' a e r o d y n a m i c s h a p e o f v a r i e d s e v e r i t y , s e e F i g u r e 5. The s k i n s v a r y i n l e n g t h from 3 1 f e e t t o 8 2 f e e t , a r e 3.5 t o 7 f e e t wide and v a r y i n t h i c k n e s s i n t h e a e r ob r e a k from 0.300 i n c h a t t h e f r o n t s p a r t o 0.762 i n c h a t t h e l o w e r r e a r s p a r . The f o l l o w i n g media a r e u s e d t o s p e c i f y t h e t e c h n i c a l r e q u i r e m e n t s a n d c o n t r o l t h e s h o t p e e n f o r m i n g p r o c e s s : O E n g i n e e r i n g Drawings 
k i n and i t s f e a t u r e s w i t h i n t h e a i r c r a f t geom e t r y and a r e n o r m a l l y drawn a s a view which i s p a r a l l e l t o t h e wing r e f e r e n c e p l a n e w i t h spanw i s e and c h o r d w i s e d i m e n s i o n s r e l a t e d t o v a r i o u s wing r e f e r e n c e p l a n e s .
Drawing n o t e s i n v o k e o t h e r d a t a which i s r e q u i r e d t o f u l l y s u p p l e m e n t t h e m a n u f a c t u r e d s k i n p l a n k d e f i n i t i o n .
i c a t i o n . L o f t D a t a c o n s i s t s o f a f u l l s i z e l a y o u t o f t h e wing s k i n p l a n k d e v e l o p i n g t h e a i r c r a f t geometry i n t o a s i n g l e f l a t p l a n e , d e f i n i n g t h e a c t u a l s h a p e and p o s i t i o n i n g t h i c k n e s s t r a n s i ti o n s p o i n t s and s c u l p t u r e d a r e a s . T o o l i n g D a t a S h e e t s (TDS) c o n t a i n a d d i t i o n a l d a t a a f f e c t i n g t h e p h y s i c a l wing s k i n p l a n k a s r e q u i r e d f o r t h e m a n u f a c t u r i n g p r o c e s s . The i n f o r m a t i o n p r o v i d e d i n c l u d e s datums f o r machine programming, t o o l i n g h o l e s , h a n d l i n g h o l e s , t r i m a l l o w a n c e s and a l l o w a n c e s f o r o t h e r s u b t l e a n g u l a r / d i m e n s i o n a l c o r r e c t i o n s which a r e r e qu i r e d . T h e s e l a t t e r a s p e c t s a r e d i s c u s s e d i n more d e t a l l l a t e r . Hard T o o l i n g c o n s i s t s o f e s s e n t i a l l y a f u l l s i z e c h e c k i n g f i x t u r e f o r e a c h s k i n p l a n k t o check t h e geometry o f t h e a i r p a s s a g e s i d e o f t h e formed s k i n . A t y p i c a l f i x t u r e , s e e F i g u r e 6 , c o n s i s t s o f a s e r i e s o f e a s i l y removeable aluminum c o n t o u r b o a r d s , c o n t o u r r e p r e s e n t a t i v e o f t h e a e r o d y n a m i c wing s h a p e , s e t on a j i g frame. C r i t i c a l h a r d p o i n t s and t o o l i n g h o l e l o c a t i o n s a r e a l s o c h e c k e d by t h e s e t o o l s .

T YPICAL CHECKING FIXTURE FIGURE 6
Peen p r o c e s s s c h e d u l e s d e f i n e , i n an o rd e r l y a n d p r e c i s e manner, t h e s p e c i f i c p e e n f o r m i n g r e q u i r e m e n t s a p p r o p r i a t e t o e a c h wing s k i n p l a n k .
I t e n s i n t h e s c h e d u l e i n c l u d e , b u t a r e n o t l i m i t e d t o , s h o t s i z e s , c o v e r a g e , d i m p l e d i a m e t e r s , h o l d i n g o r p r e -s t r e s s i n g f i x t u r e s ,
number o f p a s s e s , wheel s p e e d s , m a s k i n g , s a n d i n g r e q u i r e m e n t s , c l e a n i n g and c h e c k i n g . T y p i c a l l y t h e p e e n i n g o f a wing s k i n p l a n k i n v o l v e s t h e f o l l o w i n g o p e r a t i o n s : 0 S a t u r a t i o n p e e n i n g 
D u r i n g t h e peen f o r m i n g f o r a e r o d y n a m i c c o n t o u r , masking i s r e q u i r e d where l i g h t and heavy s k i n t h i c k n e s s e s a d j o i n t o a v o i d overformi n g t h e t h i n a r e a s when f o r m i n g h e a v i e r t h i c kn e s s e s , o r f o r t h i n e d g e s which t e n d t o c u r l o r form waves. The p e e n f o r m i n g o f t h e a e r o d y n a m i c b r e a k c o n t o u r r e q u i r e s t h e u s e o f h e a v i e r s h o t .
More s e v e r e f o r m i n -j r e q u i r e m e n t s , from a c o m b i n a t i o n o f a e r o b r e a k s h a p e s a n d / o r m e t a l t h i c k n e s s , may a l s o r e q u l r e a m e c h a n i c a l a s s i s t t o i n d u c e a p r e f o r m .
The s k i n ? l a n k i s p r e f o r m e d under a p p l i e d l o a d s , w i t h t h e s k i n p l a n k m a t e r i a l s t r e s s e s below t h e e l a s t i c l i m i t , and p e e n e d t o p r o d u c e t h e r e q u i r e d c u r v a t u r e s .
Views o f t y p i c a l m a c h i n e r y u s e d f o r t h e p e e n i n g o p e r a t i o n s a r e shown i n F i g u r e 7 a n d
.
MACHINE FOR PEEN FORMING AEROBREAK CONTOURS FIGURE 8
A f t e r p e e n f o r m i n g t h e s k i n p l a n k s .are c h e c k e d f o r c o n t o u r , and l o c a l c o n t o u r improvement f o r m i n g , u s i n g p o r t a b l e s h o t p e e n i n g e q u i pment, i s a c c o m p l i s h e d when r e q u i r e d .
The s k i n p l a n k s a r e s a n d e d b o t h s i d e s t o d r a w l n g f l n l s h requirements, n o n u n a l l y lOO/ a s a g e n e r a l f l n l s h , w l t h 63J I n designated a r e a s where h l q h i u d d i~d n~i e~ berween s k l n and s u b s t r u c t u r e o c c u r s .
The s k i n p l a n k s a r e f i n a l l y i n s p e c t e d f o r c o n t o u r f i t and t h i c k n e s s , s e e F i g u r e 9 and 10.
FORMED SKIN ON CHECK FIXTURE FIGURE 9 MACHINE FOR SATURATION PEENING AND CHORD FORMING FIGURE 7 WING SKIN PLANK THICKNESS CHECK FIGURE 10
The s k i n p l a n k s a r e c l e a n e d u s i n g a dec o n t a m i n a t i o n a c i
o c a t i n g d u r i n g t h e s k i n p l a n k m a c h i n i n g o p e r a t i o n . i v e o i l i n g , w r a p p i n g and s h i p p i n g c o m p l e t e s t h e DC9 SUPER 80 APPLICATION o p e r a t i o n s .
Data t o e f f e c t t h e s e p o s i t i o n a l c h a n g e s i s p r o v i d e d i n t h e TDS's.
The above s h o t p e e n f o r m i n g o p e r a t i o n s a r e p e r f o r m e d by MICAN.
Upon r e c e i p t o f t h e s k i n s by IMDCAN, t r i m m i n g , l o c a l o p e r a t i o n s a t a c c e s s d o o r s , a n o d i z i n g and p a i n t i n g p r e p a r e t h e s k i n s f o r t h e w i n g p r o d u c t i o n l i n e . M a n u f a c t u r i n g a s s e m b l y e x p e r i e n c e w i t h DClO wing s k i n s h i g h l i g h t e d t h e p o s i t i v e a d v a n ta g e s o f t h e t e c h n o l o g y , w i t h c o n s i s t e n t l y p r od u c e d n e t f i t s k i n p l a n k s r e d u c i n g a s s e m b l y t i m e and c o s t s .
GROWTH AND FAVNING PHENOMENA The a d v e n t o f t h e DC9 S u p e r 8 0 model i n 1979 w i t h i t s s u b s t a n t i a l c h a n g e s t o t h e wing geometry o f f e r e d t h e o p p o r t u n i t y t o a p p l y t h e l a t e s t wing s k i n t e c h n o l o g y t o t h e DC9 program.
The S u p e r 80 wing geometry and s t r u c t u r a l c h a n g e s , s e e F i g u r e 1 2 , r e q u i r e d new wing s k i n s w h i l e r e t a i n i n g a p o r t i o n o f common subs t r u c t u r e . S t u d i e s p r o v e d t h e a d v a n t a g e s , b o t h i n m a n u f a c t u r i n g economics a n d a i r f r a m e w e i g h t , o f d e s i g n i n g f o r N.C. machine s c u l p t u r e d s h o t p e e n formed wing s k i n p l a n k s . c a t e r e d f o r i f t h e f i n a l formed s k i n i s t o f i t t h e wing f r m e s t r u c t u r e a s d e f i n e d by e n g i n ee r i n g d e s i g n , t h e s e e f f e c t s a r e t e r m e d "growth" and " f a n n i n g " .
The s t r e t c h i n g e f f e c t o f s h o t p e e n i n g , s a tu r a t i o n p l u s c h o r d f o r m i n g , m a n i f e s t s i t s e l f i n s k i n " g r o w t h " .
The g r o w t h f a c t o r i s t y p i c a l l y i n t h e o r d e r o f 0 . 2 5 i n c h o n f i f t y ( 5 0 ) f e e t . Chord l e n g t h s o n t h e s k i n p l a n k s a r e s h o r t s o t h e g r o w t h f a c t o r c a n be i g n o r e d .
However, s i n c e t h e s p a n w i s e l e n g t h i s r e l a t i v e l y l o n g p r o g r e s s i v e d i s p l a c e m e n t s o f s i g n i f i c a n t s k i n f e a t u r e s , s u c h a s r e i n f o r c i n g p a d s , a c c e s s h o l e d o h l e r s , e t c e t e r a , o c c u r s .
A d j u s t m e n t s i n t h e p o s i t i o n s o f t h e s e f e a t u r e s a r e made d u r i n g s k i n p l a n k m a c h i n i n g t o c a t e r f o r t h i s growth.
DC 9 SUPER 8 0 -WING GEOMETRY CHANGES FIGURE I 2
G e o m e t r i c c h a n g e s o c c u r i n t h e f l a t p l a n e form o f a wing s k i n when i t i s formed a c r o s s an
The new s k i n p l a n k s , s e e F i g u r e 1 3 , u t i la e r o d y n a m i c a e r o b r e a k a r e a , s e e F i g u r e 11. T h i s i z e 7075 T7651 a l l o y f o r t h e u p p e r s k i n p l a n k s s i q n i f i c a n t a n q u l a r c h a n g e i s known a s " f a n n i n g " and 2024 T351 a l l o y f o r t h e l o w e r s k i n p l a n k s . The f a n n i n g movement and m a g n i t u d e a r e f u n c t i o n s o f a e r o d y n a m i c a e r o b r e a k g e o m e t r y and a g a i n d i sp l a c e m e n t s o f t h e s k i n p e r i p h e r y and s i g n i f i c a n t The s k i n p l a n k s a r e s h o t p e e n formed by MICAN.
The d i h e d r a l b r e a k a r e a , s e e F i g u r e 1 4 , r e q u i r e d some p r o c e s s d e v e l o p m e n t work b e f o r e p r o d u c t i o n o f s k i n s commenced.
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PlcDonnell Douglas C o r p o r a t i o n h a s had e x c e l l e n t m a n u f a c t u r i n g e x p e r i e n c e w i t h t h i s t e c h n o l o g y and h a s no known s e r v i c e -r e l a t e d d i f f i c u l t y w i t h s h o t p e e n formed a i r c r a f t wing s k i n s .
F o r t h e a i r f r a m e d e s i g n e n g i n e e r t h e t e c hn o l o g y a l l o w s optimum s t r u c t u r a l d e s i g n f o r w e i g h t / c o s t e f f i c i e n c y .
F o r t h e m a n u f a c t u r i n g e f f o r t t h e t e c h n o l o g y r e d u c e s c o s t s .
New g e n e r a t i o n commercial a i r c r a f t , u t i l iz i n g i a t e r t e c h n o l o g y m a t e r l a l a l l o y s and temp e r s , a r e e i t h e r coming i n t o p r o d u c t i o n o r a r e b e i n g e n g i n e e r e d . The u s e o f s h o t p e e n f o r m i n g i n t h e s e p r o g r a m s i s a l r e a d y i n d i c a t e d .
The s i g n i f i c a n t a d v a n t a g e s o f t h e p r o c e s s a r e e x p e c t e d t o b e e q u a l l y a p p l i c a b l e t o t h e n e x t g e n e r a t i o n MDC commercial a i r c r a f t program.
The m a n u f a c t u r i n g e x p e r i e n c e w i t h t h e S u p e r 80 model, s e e F i g u r e 1 5 , h a s c l o s e l y f o l l o w e d DClO e x p e r i e n c e w i t h s i m i l a r b e n e f i t s b e i n g a c c r u e d .
